The pulmonary arteries or veins from 6 children with tetralogy of Fallot have been injected with a barium sulphate and gelatin mixture. The branching pattern of the airways, arteries, and veins was normal. At all ages quantitative studies showed a decrease in total lung volume and in both pulmonary artery and vein size. In the intra-acinar region small arteries and veins were increased in number but the alveolar number was decreased. The pulmonary arteries were relatively more muscular than normal as shown both by increased medial wall thickness and by extension of muscle into smaller vessels than is normal.
The pulmonary arteries or veins from 6 children with tetralogy of Fallot have been injected with a barium sulphate and gelatin mixture. The branching pattern of the airways, arteries, and veins was normal. At all ages quantitative studies showed a decrease in total lung volume and in both pulmonary artery and vein size. In the intra-acinar region small arteries and veins were increased in number but the alveolar number was decreased. The pulmonary arteries were relatively more muscular than normal as shown both by increased medial wall thickness and by extension of muscle into smaller vessels than is normal.
The altered haemodynamic conditions in congenital heart disease affect the pulmonary vessels. In tetralogy of Fallot pulmonary artery blood flow is reduced (Dollery et al., I96I) and pressure within the pulmonary artery is low. In many cases flow is increased at capillary level due to collateral circulation (Bing, Vandam, and Gray, 1947) . Pathological studies have indicated the presence of thrombi and bronchial collateral circulation (Rich, I948; Dammann and Ferencz, I956) . Measurements of arterial wall thickness, made in uninjected material, have given conflicting results. Some workers report a normal wall thickness (Dammann and Ferencz, 1956; Granston, I958) , others a reduction (Best and Heath, I958; Wagenvoort and Edwards, I96I). Naeye (I96I) from planimetric studies reported that even before birth there was a reduction in area of the arterial media. The normal development of the pulmonary arteries and veins during foetal life and childhood has recently been described using precise quantitative methods (Hislop and Reid, I972, I973a, and b) . These studies provide an accurate basis for investigation of diseased lungs. This paper describes the results of quantitative analysis on 6 cases of tetralogy of Fallot, in 5 of whom the pulmonary arteries were injected and in one the pulmonary veins.
Subjects and methods
Lungs from six patients, who died either at operation or in the postoperative period and were aged i 3 , 41, 4j, 6, and 8 years, were studied. The relevant clinical features are summarized in Table I , the cases being designated by age at death. All cases had a reduced pulmonary blood Branching pattern Arteriograms (Fig. i) showed a normal branching pattern of the main arterial pathways but an increased density of background haze of small vessels.
In Cases i and 3 filled bronchial vessels could be discerned on the arteriogram. Measurement of the main pulmonary artery pathways showed them to be reduced in diameter for age (Fig. 2) . The decrease in diameter was greater at the hilum than the periphery and the difference increased with age. The gradient from hilum to periphery was reduced in all (Table 2) . The alveoli were thus larger than normal -a slight degree of emphysema. Since the total lung volume was also reduced there probably was a reduced total number of alveoli. The number of arteries, less than 200 [Lm external diameter in a square centimetre, was counted. These vessels are in the alveolar region and available for gas transfer, but those less than i6o stm in lumen diameter are not seen as separate lines on the arteriogram (Millard, I965) . The number was increased in all but Case 2, the increase being most pronounced in vessels less than 75 tLm external diameter. When related to the reduced alveolar number there is a relative increase in arteries in all cases (Table 2 ). In the one case where the veins had been injected, the concentration of veins per unit area of lung was similar to the normal but when related to alveolar number was increased, particularly those veins below 75 ,um. It is unlikely that this increase in small vessels represented an increase in bronchial collateral ones, since there was little increase in bronchial artery size, and cross filling was only seen in the central part of the lung not at the periphery.
Structure of vessels
The structural changes in the arteries in 5 cases are summarized in Table 3 . In all 5 cases, in vessels 10-9.
8-7.
6- Population counting of the small arteries showed that in Cases 2, 4, and 5 there was an abnormal extension of muscle into smaller vessels (Cases 2 and 5 had surgical treatment). In Cases i and 3 the distribution of muscle in small vessels was normal.
Measurements were made of the diameter and structure of arteries accompanying terminal and respiratory bronchioli, alveolar ducts, and alveoli. In each case at all levels the arteries were substantially smaller in diameter than normal. In Cases 2 and 4 muscle distribution in the vessels within the acinus was normal; in Cases I and 3 a reduction was found in the number and extension of muscular arteries and in Case 5 a slight increase in muscle extension. The differences, shown in Fig. 3 (Hislop, I97I) .
The lungs in all cases were reduced in volume, and the blood vessels, both arteries and veins, were reduced in size probably to a greater degree than was lung volume. The degree of hypoplasia increased with age even after operation.
Though the vessels were small, the branching pattem of arteries and veins, both pre-and intraacinar, was normal. Normally the pre-acinar arterial branching is complete by the i6th week of gestation (Hislop and Reid, I972), intra-acinar branching occurring during later foetal life and childhood (Hislop and Reid, I973a) . In the lung, development of the circulation is under strong genetic control, since before birth flow is so small that growth is not in response to functional demand. Reduced flow in these cases not only had not prevented multiplication of arteries during foetal life or childhood but vessels beyond the alveolar ducts were increased in number, particularly arteries. This was demonstrated by the dense background haze and the number of arteries within a unit area of lung. The intra-acinar region has responded to the reduced flow by excessive multiplication.
The increase in the small arteries that are precapillary in position may lead to a larger area for blood-gas exchange and will tend to reduce the rate of flow; both these factors may increase the chance of oxygenation within the lung. A perplexing fact is that though the intra-acinar arteries are increased the post-acinar venous system is still hypoplastic. Perhaps flow is the important factor for vein size.
In all the cases of tetralogy of Fallot the arterial wall thickness was increased. This was not the expected result since previous authors have reported a normal or low wall thickness (Danmann and Ferencz, I956; Naeye, I96I) which they believed to be related to the low flow (Nadas, I963) . The greatest increase in muscle was in those cases where an attempted correction had been made, and the resultant higher pressure and flow may explain the further increase in these two cases, though in only one (Case 5) were the haemodynamic conditions restored to near normal. Ferencz (I960) Wagenvoort (I970) considered the veins to be dilated. In the present study though it has also been possible to demonstrate an increase in number of small veins in the acinar region, venous structure seemed normal.
The pre-acinar arteries and veins seem to have responded to the abnormal haemodynamic situation by changes in size and structure, as have the intra-acinar arteries and veins which have also increased in number.
Clinical considerations
In Cases 2 and 5 palliative surgery had been carried out; in the former the clinical changes were small, but in the latter considerable improvement had occurred. The increase in flow known to have been produced in Case 5 had not led to any lessening of vessel hypoplasia and had probably been detrimental in that greater muscle hypertrophy and intimal thickening with thrombosis were also present. In Case 2 with less increase in flow there was less muscle hypertrophy but still signs of intimal thickening. In these cases the intimal and thrombotic changes seem to be the result of increased flow rather than of decreased, as previously reported (Rich, 1948) . All in this series had polycythaemia.
The general metabolic rate of children with tetralogy of Fallot is below normal (Bing et al., I947) , and the children are usually small for age. This was so in the present series and in addition the lungs were abnormally small for the size of the child. On the chest radiograph, measurements of lung length and width were made and compared with the normal centiles of radiographic growth that have recently been prepared for children of 6 years and over (Simon et al., I972) . In both features the two cases over 6 years were close to the 3rd centile. By extrapolating the normal centiles it seems that the younger cases were also at this level. These children were also close to the 3rd centile for height. In the normal the lung surface area has a linear relation to the body surface area (Dunnill, I962 
